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An interposer (10) obtained by forming a 
laminate comprising a first sheet of electrically 
insulating material (12) and a second sheet of 
conductive material (30). The first sheet has a 
first plurality of apertures (16) therethrough and 
the second sheet is laminated to the first sheet to 
close the first plurality of apertures (16). Material 
is removed from the second sheet around the 
first plurality of apertures (16) to form conductive 
pads (24), the pads (24) closing the first plurality 
of apertures (16). A third sheet of electrically 
insulating material (14) is attached to the second 
sheet (30). The third sheet has a second plurality 
of apertures (20) therethrough, the third sheet being 
positioned relative tto the second sheet such that the 
apertures (20) of the second plurality are closed by 
the conductive pads (24). In a preferred form, the 
third sheet (14) is positioned relative to the first 
sheet (12) so that the apertures (20) of the second 
plurality are not in registration with the apertures 
(16) of the first plurality. 
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1 

INTERPOSERS FOR LAND GRID ARRAYS 

BACKGROUND OF THE INVENTION 

This invention relates to interposers for connecting land grid array 
components, and particularly to the interposer, a process for fabricating the 
interposer, and the land grid array assembly including the interposer. 

Circuit boards ordinarily include circuit patterns or traces printed 
on various levels internal to the board and/or on one or both sides of the board. 
Components are ordinarily mounted on one side of the board and electrically 
connected to the circuit patterns. Prior to the introduction of surface mount and 
land grid array components, it was common to mount components to a circuit 
board and extend leads from the components through plated-through holes in the 
circuit board to mounting pads on the opposite side. The plated-through holes 
were electrically connected to the desired locations on the circuit pattern. The 
component leads were ordinarily arranged in a pattern along the edges of the 
component with the ends of the component leads soldered to the pads on the 
opposite side of the board to establish mechanical and electrical connection to 
the board and circuit pattern. 

Surface mounted components were developed for mounting and 
connecting to one side of the board. In one form of surface mounted 
components, leads extended from along the edges of the component for 
attachment to pads on the circuit board. In another form of surface mounted 
components, compliant leads were attached to pads along the edges of the 
component and to pads on the circuit board. 

Land grid array components are a class of surface mounted 
components that employ a grid array of solder connections on a surface of a 
component. The solder connections of the grid array are not limited to the edges 
of the component, but instead are dispersed across the surface in spaced relation 
in an area array that is usually uniform Land grid array components include ball 
grid array components, solder grid array components and column grid array 
components. The surface bearing the land grid array is positioned to confront 
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an identical grid array of circuit pads on a circuit board, and solder beads, balls 
or columns are heated to reflow to attach or detach the component from the 
circuit board. 

One difficulty with land grid array attachment techniques is that 
5 inspection of the solder connections cannot always be accomplished. More 
particularly, while solder beads and connections at the edges of the array might 
be visually inspected, it has been difficult to inspect connections at the interior 
of the array. 

BRIEF SUMMARY OF THE INVENTION 

10 A land grid array connection according to the invention 

electrically connects a circuit component to a substrate. An array of a plurality 
of first conductive lands are electrically connected to the component. A first 
flexible sheet of electrically insulating material has a plurality of first apertures 
arranged in an array corresponding to the array of the first conductive lands. 

15 Each of the first apertures receives one of the first conductive lands. An array 
of a plurality of second conductive lands are electrically connected to the 
substrate. A second flexible sheet of electrically insulating material has a 
plurality of second apertures arranged in an array corresponding to the array of 
the second conductive lands. Each of the second apertures receives one of the 

20 second conductive lands. A plurality of conductive pads are sandwiched 
between the first and second sheets. Each conductive pad is in electrical 
communication with a respective first land received in a respective first aperture 
and a respective second land received in a respective second apertures. 

According to one embodiment of the land grid array, each of the 

25 first and second apertures is substantially circular and has a respective axis 
substantially perpendicular to the respective pad, the axes of the second 
apertures being out of registration with the respective axes of the first apertures. 

A flexible interposer according to the present invention attaches 
a land grid array connection of a circuit component to a land grid array 

30 connection of a substrate. The interposer comprises a first flexible sheet of 
electrically insulating material having a plurality of first apertures arranged in an 
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array to receive the lands of the land grid array of the circuit component. A 
second flexible sheet of electrically insulating material has a plurality of second 
apertures arranged in an array to receive the lands of the land grid array of the 
substrate. A plurality of conductive pads are sandwiched between the first and 
5 second sheets, each conductive pad being in electrical communication with a 
respective one of the first apertures and a respective one of the second apertures. 

In one embodiment of the interposer, the first and second 
apertures are substantially circular and have respective axis substantially 
perpendicular to the respective pad; the axes of the second apertures being out 

1 0 of registration with the respective axes of the first apertures. 

An interposer is formed according to the present invention by 
forming a laminate comprising a first sheet of electrically insulating material 
having a first plurality of apertures and a second sheet of electrically conductive 
material laminated to the first sheet. The first plurality of apertures are closed 

15 by the second sheet. Material of the second sheet is removed from at least 
around some of the first apertures to form conductive pads closing the first 
apertures. A third sheet of electrically insulating material is then attached to the 
second sheet, the third sheet having a second plurality of apertures. The third 
sheet is positioned relative to the second sheet such that the apertures of the 

20 second plurality are closed by the conductive pads. 

According to one embodiment of the process, the third sheet is 
positioned relative to the first sheet so that the apertures of the second plurality 
are not in registration with the apertures of the first plurality. 

According to another embodiment of the process, the laminate 

25 is formed by laminating the first sheet to the second sheet, and subsequently 
drilling the first plurality of apertures through the first sheet without drilling 
through the second sheet. The apertures of the first plurality are substantially 
circular and have axes perpendicular to a plane of the laminate. 

According to another embodiment of the process the laminate is 

30 formed by forming the first plurality of apertures through the first sheet; the 
apertures of the first plurality being substantially circular, and subsequently 
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laminating the first sheet to the second sheet so that the apertures of the first 
plurality have axes perpendicular to a plane of the laminate. 

According to another embodiment of the process the third sheet 
is attached to the second sheet by bonding a sheet of electrically insulating 
5 material to the second sheet with an adhesive, and laser drilling the second 
plurality of apertures in the third sheet so that material displaced by the drilling 
process fills voids in the second sheet left by removal of material of the second 
sheet to form the pads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figs. 1A-1E illustrate the process for fabricating the interposer 

according to the present invention. 

Fig. 2 is a section view illustrating a land grid array component 
attached to a printed wiring board employing an interposer in accordance with 
the present invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs, i A- IE illustrate a preferred form of the process for forming 
interposer 10 in accordance with the presently preferred embodiment of the 
present invention, Fig. IE being a section view of the completed interposer. As 
shown in Fig. IE, the completed interposer comprises a layer 12 of electrically 

20 insulating material, such as polyimide, and a layer 14 also electrically insulating 
material, such as polyimide. A plurality of first apertures 16 extend through 
layer 12. Apertures 16 are arranged in a pattern conforming to the land grid 
array of the land grid array component to which the interposer is to be used. 
Preferably, apertures 16 are circular and are centered on axes 18, perpendicular 

25 to the interposer. Likewise, bottom layer 14 includes a plurality of second 
apertures 20 extending therethrough, centered on axes 22, also perpendicular to 
the interposer. A plurality of conductive pads 24 are sandwiched between layers 
12 and 14, and are separated by insulating material 26, such as polyimide. Each 
pad 24 closes the internal end of a respective aperture 16 and 20, such that a 

30 single pad 24 provides a conductive path between respective single apertures 1 6 
and 20. One particularly useful feature of the invention resides in the fact that 
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axes 18 and 22 are not in registration, but instead are offset from each other. 
This feature permits inspection of the interposer and of the grid array component 
connection. 

Interposer 1 0 is formed by laminating a layer 1 2 of polyimide to 
5 copper layer 30 (Fig. 1A). A plurality of apertures 16 are formed in layer 12. 
Apertures 16 may be formed before lamination of layer 12 to layer 30, or may 
be laser-drilled subsequent to lamination. Because laser-drilling removes 
adhesive, laser-drilling is preferred over pre-drilling to make certain that the 
interface between each aperture 16 and layer 30 is clean and free of debris. 

10 Laser-drilling is adjusted such that copper layer 30 is not significantly drilled. 

Upon completion of the lamination and formation of apertures 16, 
the assemblage is as shown in Fig. IB with an array of apertures 16 conforming 
to the land grid array of the desired component, each aperture being circular in 
section and having an axis 18 perpendicular to the plane of copper layer 30. 

1 5 Next, and as shown in Fig. 1 C, copper layer 30 is patterned to form a plurality 
of copper pads 24. Preferably, copper layer is etched to remove copper material 
from between the pads, and at the edges. The result is such that each pad 24 
closes a respective aperture 16. Preferably, each pad 24 is rectangular or square 
in geometry, with a smallest side dimension larger than the diameter of the 

20 respective aperture 16. As shown particularly in Fig. ID, a layer 14 of 
electrically insulative material, such as polyimide, is adhesively bonded to the 
exposed surfaces of pads 24. An array of apertures 20 are laser-drilled into and 
through layer 14 to expose a surface of each pad 24. As shown particularly in 
Fig. IE, the axis 22 of each aperture 20 is preferably out of registration from the 

25 respective axis 18 of the aperture confronting the opposite side of the respective 
pad 24. Laser-drilling of apertures 20 heats the polyimide and adhesive material 
of layer 14 so that some of the excess material flows into the space 26 in copper 
layer 30 that had been etched away to form the pads. Thus, the excess material 
flowed into spaces 26 provides additional structural integrity to the completed 

30 interposer. 
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Fig, 2 is a section view illustrating the use of interposer 10 to 
connect a ball grid array component 40 to a ball grid array connection scheme 
on a printed wiring board 42. More particularly, a first ball grid array comprising 
conductive spheres 44 are solder-attached to component 40 using a suitable 
5 solder 46. Spheres 44 are then solder-attached to aperture 16 of interposer 10 
using solder 48. Next, solder spheres 50 are attached to interposer 10 at 
apertures 20 using a high temperature solder 52. Finally, the spheres 50 of the 
ball grid array attached to interposer 10 are soldered to pads on printed wiring 
board 24 using solder 54. By way of example, solder connections 46, 48, and 

10 54 may be low temperature tin/lead (63:37) solder, solder connection 52 may 
be a high temperature tin/silver (96.5:3.5) solder. Spheres 44 may be a high 
temperature tin/lead (10:90) solder and spheres 50 may be a high temperature 
tin-lead (10:90) solder or copper. 

In a preferred embodiment of the present invention, each of the 

15 polyimide layers 12 and 14 has a thickness between about 0.001 and 0.002 
inches, and the copper layer is a thin copper foil having a thickness between 
about 0.0005 and 0.002 inches. As a result, the entire laminated structure of the 
interposer 10 is highly flexible allowing it to conform to the land grid arrays to 
which it is to be attached. Thus, the interposer will adjust for any minor lack of 

20 planarity of the spheres of either land grid array connection. For a land grid 
array pattern having a 0.50 inch pitch, apertures 16 and 20 have diameters of 
approximately 0.028 inches, centered on the 0.50 inch pitch. For land grid array 
patterns having a 0.40 pitch, apertures 16 and 20 have diameters of 
approximately 0.23 inches centered on the 0.40 pitch. Preferably, copper pads 

25 24 are square etched to a size of 0.40 inch square for a 0.50 inch pitch, and 
0.032 inch square for 0.40 inch pitch. Thus, a 0.010 inch spacing is provided 
between pads 24 for a 0.50 inch pitch and a 0.008 inch spacing appears between 
pads 24 for a 0.040 inch pitch. Where the axes 18 and 22 of apertures 16 and 
20 are offset, as in a preferred embodiment of the invention, the axes are offset 

30 by about 0.004 inches. 



WO 99/04461 



PCT/US98/14248 



7 

The present invention thus provides an interposer for use in 
connection with land grid array connections between land grid array components 
and printed wiring boards, and the like. A feature of the invention resides in the 
fact that the connection to the land grid array component 40 and a connection 
to the printed wiring board 42 are offset from each other thereby permitting 
inspection of the completed connector. More particularly, X-ray inspection 
through either the component or the printed wiring board may be accomplished 
to view the connections of the land grid array connectors. By offsetting the axes 
18 and 22 of apertures 16 and 20 by a distance of about 0.004 inches, adequate 
surface area of the pads 24 to close the respective apertures 16 and 20 is 
provided and adequate offset is provided to permit X-ray inspection of the 
connection. 

Although the present invention has been described with reference 
to preferred embodiments, workers skilled in the art will recognize that changes 
may be made in form and detail without departing from the spirit and scope of 
the invention. 
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CLAIMS: 

1 * A process for forming an interposer, comprising: 

forming a laminate comprising a first sheet of electrically 
insulating material having a first plurality of apertures 
5 therethrough and a second sheet of electrically 

conductive material laminated to the first sheet, the first 
plurality of apertures being closed by the second sheet; 
removing material of the second sheet around at least some of 
the first plurality of apertures to form conductive pads 
1 0 closing the at least some of the first plurality of apertures; 

attaching a third sheet of electrically insulating material to the 
second sheet, the third sheet having a second plurality of 
apertures therethrough, the third sheet being positioned 
relative to the second sheet such that the apertures of the 
15 second plurality are closed by the conductive pads. 

2. The process of claim 1 wherein the third sheet is positioned 
relative to the first sheet so that the apertures of the second plurality are not in 
registration with the apertures of the first plurality. 

3. The process of claim 1 wherein the laminate is formed by 
20 laminating the first sheet to the second sheet, and 

subsequently drilling the first plurality of apertures 
through the first sheet without drilling through 
the second sheet, the apertures of the first 
plurality being substantially circular and having 
25 axes perpendicular to a plane of the laminate. 

4. The process of claim 3 wherein the step of drilling is performed 
by laser drilling. 

5. The process of claim 3 wherein the step of removing material 
from the second sheet is performed by etching. 



30 



WO 99/04461 



PCT/US98/14248 



6 - The process of claim 3 wherein the step of attaching a third sheet 
to the second sheet comprises 

bonding a sheet of electrically insulating material to the 
second sheet with an adhesive, and 
5 laser drilling the second plurality of apertures in the third 

sheet so that material displaced by the drilling 
process fills voids in the second sheet left by 
removal of material of the second sheet to form 
the pads, the apertures of the second plurality 
10 being substantially circular and having axes 

perpendicular to the plane of the laminate. 

7- The process of claim 6 wherein the step of drilling is performed 
by laser drilling. 

8. The process of claim 6 wherein the step of removing material 
1 5 from the second sheet is performed by etching. 

9. The process of claim 6 wherein the third sheet is positioned 
relative to the first sheet so that the axes of the second plurality of apertures are 
out of registration with the axes of the first plurality of apertures. 

10. The process of claim 1 wherein the laminate is formed by 

20 forming the first plurality of apertures through the first 

sheet, the apertures of the first plurality being 

substantially circular, and 
subsequently laminating the first sheet to the second 

sheet so that the apertures of the first plurality 
25 have axes perpendicular to a plane of the 

laminate. 

11- The process of claim 10 wherein the step of removing material 

from the second sheet is performed by etching. 

12. The process of claim 10 wherein the third sheet is positioned 

30 relative to the first sheet so that the apertures of the second plurality are not in 
registration with the apertures of the first plurality. 
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13- The process of claim 10 wherein the step of attaching a third 

sheet to the second sheet comprises 

bonding a sheet of electrically insulating material to the 

second sheet with an adhesive, and 
laser drilling the second plurality of apertures in the third 
sheet so that material displaced by the drilling 
process fills voids in the second sheet left by 
removal of material of the second sheet to form 
the pads, the apertures of the second plurality 
being substantially circular and having axes 
perpendicular to the plane of the laminate. 

14. The process of claim 13 wherein the third sheet is positioned 
relative to the first sheet so that the axes of the second plurality of apertures are 
out of registration with the axes of the first plurality of apertures. 

15. The process of claim 13 wherein the step of removing material 
from the second sheet is performed by etching. 

16. A flexible interposer for attaching a land grid array connection of 
a circuit component to a land grid array connection of a substrate, comprising: 

a first flexible sheet of electrically insulating material having a 
plurality of first apertures therethrough arranged in an 
array to receive the lands of the land grid array of the 
circuit component; 

a second flexible sheet of electrically insulating material having 
a plurality of second apertures therethrough arranged in 
an array to receive the lands of the land grid array of the 
substrate; and 

a plurality of conductive pads sandwiched between the first and 
second sheets, each conductive pad being in electrical 
communication with a respective one of the first 
apertures and a respective one of the second apertures. 
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17- The interposer of claim 16 wherein the first apertures are 
substantially circular and each has a respective axis substantially perpendicular 
to the respective pad and the second apertures are substantially circular and each 
has a respective axis substantially perpendicular to the respective pad, the axes 

5 of the second apertures being out of registration with the respective axes of the 
first apertures. 

18- A land grid array connection for electrically connecting a circuit 
component to a substrate comprising: 

an array of a plurality of first conductive lands electrically 
10 connected to the component; 

a first flexible sheet of electrically insulating material having a 
plurality of first apertures therethrough arranged in an 
array corresponding to the array of the first conductive 
lands, each of the first apertures receiving one of the first 
1 5 conductive lands; 

an array of a plurality of second conductive lands electrically 
connected to the substrate; 

a second flexible sheet of electrically insulating material having 
a plurality of second apertures therethrough arranged in 
20 an array corresponding to the array of the second 

conductive lands, each of the second apertures receiving 
one of the second conductive lands; and 
a plurality of conductive pads sandwiched between the first and 
second sheets, each conductive pad being in electrical 
25 communication with a respective first land received in a 

respective first aperture and a respective second land 
received in a respective second apertures. 
19. The land grid array connection of claim 18 wherein each of the 

first apertures is substantially circular and has a respective axis substantially 
30 perpendicular to the respective pad and each of the second apertures is 
substantially circular and has a respective axis substantially perpendicular to the 
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respective pad, the axes of the second apertures being out of registration with 
the respective axes of the first apertures. 

20. The land grid array connection of claim 19 wherein each of the 

first and second lands is spherical. 



PCT/US98/14248 




SUBSTITUTE SHEET (RULE 26) 



WO 99/04461 



PCT/US98/14248 



2/2 




SUBSTITUTE SHEET (RULE 26) 

BEST AVAILABLE COPY 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/ 14248 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :H01R 43/02; H02G 3/14; H05FC 5/03 

US CL : 29/877; 174/67 
According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 29/883, 884, 877, 878; 174/ 65. 66. 67, 74 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages- 



Relevant to claim No. 



US 3,835,531 A (LUTTMER) 17 September 1974, see entire 
document 

US 4,965,700 A (MCBRIDE) 23 October 1990, see entire document 

US 5,583,378 A (MARRS et al) 10 December 1996, see entire 
document 

US 5,576,519 A (SWAMY et al) 19 November 1986, see entire 
document 

US 5,006,673 A (FREYMAN et al) 09 April 1991, see entire 
document 



1-20 
16-20 

3-4, 6-7, 10, 13 
2, 9, 12, 14 
5, 8, 11, 15 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 

'A' document denning the general state of the an which is not considered 

lo be of particular relevance 

"£* earlier document published on or after the international filing date 

"L* document which may throw doubts on priority claim is) or which is 

cited to establish ihe publication date of another citation or other 
special reason (.as specified) 

*0" document referring to .in oral disclosure, use. exhibition or other 

means 

"P* document published prior to the international filing date but later than 

the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying die invention 

document of particular relevance; the claimed invention cannot be 
considered novel or catuiot be considered to involve an inventive step 
when the document is taken atone 

document of particular relevance; the claimed invention caatiot be 
considered to involve an inventive step when the document is 
combined with one or more oilier such documents, such combination 
being obvious to a person skilled in die an 

document member of the same patent family 



Date of Ihe actual completion of the international search 



26 AUGUST 1998 



Date of mailing of the international search report 



2 9 SEP 1998 



Name and mailing address of the IS A/ US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

!irr ^Toin Hughes 
Telephone No. (703) 308 



TajrOegafSpeciaBst 17 
^ftnoCojpfy Center 3700 



Form PCT/ISA/210 (second sheet)(July 1992)* 



